Introduction
Parastenocarididae Chappuis, 1940 is a harpacticoid family highly specialized for life in continental groundwater, and almost exclusively restricted to this habitat (Galassi and De Laurentiis 2004) . Its members are, however, distributed on all continents except Antarctica and New Zealand (Karanovic 2004) , which is remarkable considering that stygofauna has a limited active dispersal potential and lacks resting stages that could be dispersed passively (Culver and Pipan 2009) . Because parastenocaridids have no marine relatives or modern pathways between different continents (Boxshall and Jaume 2000) , it has been postulated that they have a Pangean origin (Karanovic 2006) . In Australia, for example, Karanovic (2004) speculated that they started colonizing subterranean waters just after the Permo-Carboniferous glaciation, which spread throughout much of what subsequently became the Gondwana supercontinent and covered the entire Australian plate (Frakes 1999; Playford 2003) . This makes it likely that present distributions of most parastenocaridids are a result of continental He listed the publication date of the latter species erroneously as 1957, but P. delamarei was described in Chappuis and Delamare Debouteville (1958) . Jakobi (1972) excluded P. budapestiensis from this group and designated it the type species of his new genus Lacustricaris Jakobi, 1972 , where he included additionally only the Canadian P. lacustris Chappuis, 1958 (also with the incorrect publication date of 1957). Schminke (2010) considered P. budapestiensis as incertae sedis in Parastenocaridinae, whereas he listed Lacustricaris as a valid member of Fontinalicaridinae, and with L. lacustris (Chappuis, 1958) as its only member. This action is completely unjustified under the rules of the ICZN (1999) , and may be a simple lapsus calami. We argue below that P. budapestiensis, P. nolli and P. delamarei are not at all closely related to the type species of Proserpinicaris, while P. cantabrica, P. phyllura and P. moravica are.
Materials and methods
Specimens of three new species described here were collected either using the Karaman-Chappuis method (digging a hole in the sand bank and decanting water through a plankton net), or with a phreatic pump. In all cases 100 litres of water was filtered, so quantitative data were obtained. All samples were fixed in 99.9% ethanol. Locality data and number of specimens are listed for every species separately and all types are deposited in the National Institute of Biological Resources (NIBR), Seoul. Specimens were dissected and mounted on microscope slides in Faure's medium, which was prepared following the procedure discussed by Stock and von Vaupel Klein (1996) , and dissected appendages were then covered by a coverslip. For the urosome or the entire animal two human hairs were mounted between the slide and coverslip, so the parts would not be compressed. By manipulating the coverslip carefully by hand, the whole animal or a particular appendage could be positioned in different aspects, making possible the observation of morphological details. During the examination water slowly evaporates and appendages eventually remained in a completely dry Faure's medium, ready for long-term depositing. All line drawings were prepared using a drawing tube attached to a Leica MB2500 phase-interference compound microscope, with N-PLAN (5 ×, 10 ×, 20 ×, 40 × and 63 × dry) or PL FLUOTAR (100 × oil) objectives. Specimens that were not drawn were examined in propylene glycol (CH 3 CH(OH)CH 2 OH) and, after examination, were again preserved in 99.9% ethanol. Specimens for the scanning electron micrography were dehydrated in progressive ethanol concentrations, critical-point dried, coated in gold and observed under a LEO 1525 microscope on the in-lens detector, with working distances between 5.9 and 6.1 mm and accelerating voltages of 5 or 10 kV.
Morphological terminology follows Huys and Boxshall (1991) , except for caudal ramus setae numbering (major reasons being that they did not study caudal rami of parastenocaridid copepods, and nobody so far has provided any conclusive evidence on the homology of different caudal armature elements in different copepod orders) and small differences in the spelling of some appendages (antennula, mandibula, maxillula instead of antennule, mandible, maxillule), as an attempt to standardize the terminology for homologous appendages in different crustacean groups. Biospeleological terminology follows Humphreys (2000) . Descriptions of second and third new species were shortened by making them comparative, and only the first species is described here in full.
Downloaded by [University of Tasmania] at 00:38 20 March 2013
Revised diagnosis Small to medium-sized Fontinalicaridinae, with cylindrical habitus, smooth cuticule, somites ornamented with large sensilla, and with dorsal cuticular windows on cephalothorax and all urosomal somites, except first and last; spinules, if present at all, usually restricted to anal somite. Podoplean boundary between prosome and urosome inconspicuous. Genital complex in female occupying anterior ventral half of genital double somite; genital apertures and median copulatory pores covered by vestigial sixth legs, fused completely into relatively narrow flap. Caudal rami cylindrical or leaf-like, with lateral cuticular pore near posterior margin, armed with seven elements (three lateral, one dorsal, and three apical); lateral elements inserted close to each other and much more anteriorly than dorsal seta; one lateral element minute and hard to observe between two others. Male antennula eight-segmented, prehensile, with geniculation between third and fourth and sixth and seventh segments; last two segments in line; distal anterior corner of seventh segment produced into very small spiniform process, but larger proximal spiniform process present on fifth segment on anterior surface; aesthetasc on fifth segment usually massive and reaching tip of appendage. First swimming leg with no chitinous processes or inner basal armature. Second swimming leg with one-segmented endopod, armed with single slender seta apically, and with several apical spinules and sometimes with several lateral spinules. Third swimming leg endopod in female very small and linguiform segment Downloaded by [University of Tasmania] at 00:38 20 March 2013 unarmed, usually with few apical spinules. Third swimming legs in male transformed into strong grasping organs, with large intercoxal sclerite between them, each composed of praecoxa, coxa, basis, two-segmented exopod, and endopod reduced to single slender armature element; basis and proximal exopodal segment robust, latter usually with beaks or chitinous lobes on inner margin; outer spine on first exopodal segment smooth, large, and curved; ancestral distal exopodal segment (apophysis) small, usually cylindrical, oriented slightly inwards, unornamented, and armed with single short element on top, often leaf-like, or thumb-like. Fourth swimming leg in male with or without spinules on inner margin of coxa, but always with large and slender hyaline process on anterior surface of basis, between exopod and endopod, and no other chitinous structures on basis; first exopodal segment with longitudinal row of strong spinules on inner margin, and no other structures or depressions on this margin; endopod one-segmented, with or without apical armature, but usually curved and variously transformed, often knife-like (with serrated edges or tubercules), rarely pinnate, sometimes with scoop-like structure on tip. Fourth swimming leg in female without hyaline process on basis or inner spinules on first exopodal segment; endopod also one-segmented but cylindrical, straight, and not transformed, with strong element on tip, several apical spinules, and several spinules around midlength close to inner margin. Fifth legs very similar in shape in male and female, elongated and simple triangular plates, with inner distal corner produced into spiniform process, ornamented with spinules along inner margin (these often absent in female), usually another row of spinules on posterior surface proximally, and single large cuticular pore on anterior surface; armature consists of very long outermost seta (ancestral basal); two setae at outer base of inner distal process (probably ancestral endopodal setae), and sometimes small seta (or long spinule?) on posterior surface at base of basal seta; latter element most often reduced to minute spiniform process and hardly visible (smaller than most spinules). Sixth legs in male also fused (or right one reduced and left one enlarged?) smooth, unarmed, unornamented, forming simple operculum covering gonopore.
Remarks
Fourth swimming leg in male with a large and slender hyaline process on the anterior surface of basis, between exopod and endopod, being the sole chitinous structure on this segment, is a synapomorphy that unites all species included in the currently redefined genus Proserpinicaris Jakobi, 1972. Most other characters can be found in some other Fontinalicaridinae genera, or species of Parastenocaris Kessler, 1913 that are currently considered to be members of this subfamily by Schminke (2010) (see the Introduction section above). Their affinities are further discussed in the Discussion section below. Endopod of the fourth swimming leg in male is usually lanceolate or knife-like, with serrated margins, except in Proserpinicaris ima (Cottarelli, 1989) comb. nov., where it is completely smooth, and in P. cruzi Galhano, 1969) comb. nov. and P. cantabrica (Chappuis, 1937) , where the endopod is pinnate (or plumose) along inner margin. We believe both conditions are secondary transformations, because the transformed endopod with serrulate or tuberculate margins can be found in some other unrelated taxa, and so is probably a plesiomorphic character state. All five Asian species have the endopod of the fourth leg in male with a scoop-like structure, formed by a bunch of basally fused apical spinules. They include the type species of the genus Nipponicaris Jakobi, 1972, Parastenocaris nipponensis Chappuis, 1955 , and unquestionably form a monophyletic group of species. They all, Downloaded by [University of Tasmania] at 00:38 20 March 2013 however, have a very well developed hyaline process on the anterior surface of the fourth leg basis, which is a complex structure and highly unlikely to have arisen convergently a number of times. That is why we synonymize the genus Nipponicaris with Proserpinicaris.
The original description of Parastenocaris pannonica Török, 1935 , which was designated by Jakobi (1972) as the type species of his new genus Pannonicaris Jakobi, 1972 , is incomplete (see Török 1935 , Lang 1948 . Later redescriptions of this species by Damian (1958) and Kulhavý (1960) indicate that the large hyaline process on the fourth leg basis is between an exopod and endopod, which puts this species in the genus Proserpinicaris and renders the genus Pannonicaris its objective synonym. We speculate that the fourth leg illustrated by Török (1935) and repeated in Lang (1948) is actually a mix-up, because all other morphological details agree with those observed in Proserpinicaris. Török (1935) described two sympatric species from the Budapest water supply: P. pannonica (note: he wrongly spelled the species name as pannonicus, but being an adjective it has to agree with the feminine generic name), and P. budapestiensis Török, 1935 . The most probable explanation is that he swapped the male fourth legs of these two species (or just their drawings during the preparation of plates), as P. budapestiensis also has all other typical Parastenocaridinae characters.
The genus Proserpinicaris, as defined here, is Palaearctic in distribution, with its centre of diversity in southern Europe. Note that Parastenocaris fontinalis meridionalis Rouch, 1990 was correctly considered a separate species already by Martínez Arbizu (1997) , although he considered it a member of the fontinalis-group. Karanovic (2005) pointed out that this species is a member of the proserpina-group, as well as P. hispanica Martínez Arbizu, 1997. We discuss this further below. 
Proserpinicaris young

Specimens examined
Types only: holotype male, allotype female, seven paratypes (three males and four females) together on one scanning electron microscopy stub (collection number NIBRIV0000232611); six paratypes (four males and two females) dissected on one slide each (collection numbers NIBRIV0000232612 to 0000232617); additional 36 paratypes (18 males, 11 females, and seven copepodids) together in alcohol (NIBRIV0000232618); 25 paratypes (10 males, 10 females, and five copepodids) sent for DNA barcoding; all collected from type locality, 24 April 2010, leg. J.-L. Cho, all deposited in the National Institute of Biological Resources, South Korea.
Etymology
The species name refers to its type locality, the Young river, and should be treated as a noun in apposition to the generic name. of fifth pedigerous somite, genital somite, four abdominal somites, and caudal rami). Podoplean boundary between prosome and urosome inconspicuous. Habitus ( Figures 1A, 3A) cylindrical and very slender, without any demarcation between prosome and urosome; prosome/urosome ratio about 0.9 in dorsal view; greatest width in dorsal view at fourth and fifth pedigerous somites, but hard to establish; free prosomal somites in lateral view narrower than cephalothorax or urosome. Body length/width Downloaded by [University of Tasmania] at 00:38 20 March 2013 Figures 1A, 3A , 4A,B). Integument weakly sclerotized, smooth, ornamented only with sensilla and pores (no spinules or cuticular pits), with round dorsal double cuticular window on cephalothorax, and oval dorsal simple cuticular windows on genital and three postgenital somites. Pleural areas of cephalothorax and free pedigerous somites not well developed, cephalic appendages and coxae of swimming legs clearly exposed in lateral view.
Rostrum ( Figure 3C ) small, membranous, not demarcated at base, ornamented with two large dorsal sensilla, linguiform, not reaching distal margin of first antennular segment, about as long as wide.
Cephalothorax ( Figures 1A,E , 3A-C) about 1.8 times as long as wide in dorsal view; representing 21% of total body length. Surface of cephalic shield ornamented with 16 pairs of large sensilla (numbered from anterior to posterior and from dorsal to ventral side in Figure 3B ,C); no small sensilla, cuticular pores, pits, or any other ornamentation; five pairs of sensilla surround double cuticular window, but its surface completely smooth; except for one pair of sensilla (no. 11) visible from dorsal view. Arthrodial membrane between cephalothorax and second pedigerous somite (first free) larger than between any other somites.
Second pedigerous somite (Figures 1A, 3A-C) as wide as posterior half of cephalothorax in dorsal view, with four pairs of large sensilla (three dorsal and one lateral; nos. [17] [18] [19] [20] , and with arched dorsal sutures in anterior half joining to make interesting crown-like pattern.
Third pedigerous somite (Figures 1A, 3A-C) slightly wider and longer than second, with five pairs of large sensilla (nos. 21-25), also with arched dorsal sutures making crown-like pattern, but less pronounced than in second pedigerous somite.
Fourth pedigerous somite (Figures 1A, 3A-C) widest prosomal somite in dorsal view, slightly longer than third, with only three pairs of large posterior sensilla (nos. 26-28) , with deeper and longer arched sutures than in any other somite.
First urosomite ( Figures 1A,D, 4A ,B) about as wide as fourth pedigerous somite but slightly shorter, also with three pairs of large posterior sensilla (nos. 29-31), with two small arched dorsal sutures in anterior half, and with nearly continuous horizontal suture in posterior half at level of sensilla insertion.
Second urosomite (= genital somite) ( Figures 1A,D, 4A ,B) slightly narrower and shorter than first, with oval dorsal cuticular window in anterior half, also with three pairs of posterior sensilla (nos. 32-34), but two dorsal pairs (nos. 32 and 33) closer to each other than in first urosomite.
Third urosomite ( Figures 1A, 4A ,B) about as long as second but slightly narrower, with shorter and wider dorsal cuticular window, and with five pairs of large posterior sensilla (nos. 35-39); two dorsal pairs (nos. 32 and 33) much closer to each other than in second urosomite.
Fourth urosomite ( Figures 1A, 4A ,B) slightly narrower than third, but also with five pairs of large posterior sensilla (nos. 40-44) , and with similar sized dorsal cuticular window.
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Fifth urosomite (= preanal somite) ( Figures 1A, 4A ,B) slightly narrower and longer than fourth, with largest dorsal cuticular window of all urosomites, and without any surface ornamentation.
Sixth urosomite (= anal somite) ( Figures 1A, 2A ,4A,B) about 1.2 times as long as and slightly narrower than preanal somite, ornamented with pair of large dorsal sensilla at base of anal operculum, pair of large lateral cuticular pores in anterior half, pair of ventral pores at base of caudal rami, and pair of minute ventro-lateral pores in posterior eighth of somite length (no spinules on ventral surface). Anal operculum well developed, unornamented on outer surface, with smooth and almost straight distal margin, not reaching posterior end of anal somite, representing 70% of somite's width. Anal sinus widely opened, ornamented with two long diagonal rows of slender spinules on ventral side, and two parallel rows on dorsal side (inner side of anal operculum).
Spermatophore ( Figure 3D ) about twice as long as wide, kidney-shaped, with narrow and curved neck. Note that spermatophore neck and its opening squeezed out and visible in upper right corner in Figure 1D .
Caudal rami (Figures 1A, 2A, 4A,B) very long and slender, about six times as long as greatest width (ventral view) and about 1.4 times as long as anal somite, cylindrical, parallel or slightly divergent, with space between them about twice that of one ramus width; armed with seven elements (three lateral, one dorsal and three apical). Ornamentation consists of large lateral cuticular pore near posterior margin, and posterior ventral row of several spinules along posterior margin. Dorsal seta slender and smooth, inserted closer to inner margin at about three-quarters of ramus length, about 0.8 times as long as caudal ramus, triarticulate (inserted on two small pseudojoints). Lateral setae slender and smooth, inserted very close to each other at two-fifths of ramus length, minute one between two larger ones and slightly posterior to them. Dorsal anterior lateral seta longest, half as long as ramus, 1.4 times as long as ventral anterior seta, and about nine times as long as minute seta. Inner apical seta smooth, inserted close to ventral margin, about 0.6 times as long as ramus. Middle apical seta strongest, without breaking plane, unipinnate, about 1.7 times as long as ramus, pointing distally, with slightly curled tip. Outer apical seta also without breaking plane and unipinnate, relatively strong basally but much shorter, about 0.8 times as long as ramus, inserted close to dorsal surface and pointing laterally.
Antennula (Figures 1E,F, 5A) slightly longer than cephalothorax, slender, eightsegmented, prehensile and strongly digeniculate, ornamented with four ventral spinules on first segment distally, and with ribbed elongated chitinous plate on anterior surface of sixth segment. First segment very short whereas second segment longest. Geniculation between third and fourth and between sixth and seventh segments; last two segments in line. Distal anterior corner of seventh segment produced into very small spiniform process, but larger proximal spiniform process present on fifth segment on anterior surface. Massive aesthetasc on fifth segment reaching beyond tip of appendage, fused basally to slightly shorter seta, with nipple distally; much shorter and more slender apical aesthetasc on seventh segment, fused basally to two setae (acrotheck). Armature formula: 0.6.4.2.6 + ae.1.1.9 + ae. All setae slender and all smooth, except largest seta on second segment and proximalmost seta on fifth segment; most setae with pore on tip; most proximal seta on second segment longest and strongest, unipinnate with extremely long spinules along anterior surface.
Antenna ( Figures 1E , 5B) relatively stout and short, composed of coxa, allobasis, one-segmented endopod and one-segmented exopod. Coxa very short, unornamented.
Allobasis about three times as long as wide, unarmed but ornamented with two rows of large spinules on anterior surface, and one short row of minute spinules on posterior surface. Endopod half as long as allobasis and twice as long as wide, with surface frill subdistally, ornamented with large spinules along anterior surface, armed laterally with two short spines (proximal one shorter) and apically with five strong elements (two geniculate). Exopod minute, cylindrical, about twice as long as wide, unornamented but armed with single apical seta, twice as long as segment. All antennal armature unipinnate.
Labrum ( Figures 1A, 6B ) large and triangular in lateral view, trapezoidal in anterior view, with narrow and straight cutting edge, without any ornamentation on anterior surface, with several parallel rows of spinules along cutting edge (three on outer distal corners strongest and very broad, leaf-like).
Paragnaths ( Figures 1A, 6A ) strongly fused into trilobate structure, with numerous distal rows of slender short spinules on lateral lobes, one distal row of minute spinules on central lobe, and another transverse row of 10 very long spinules on posterior surface of central lobe at about two-thirds of its length.
Mandibula (Figures 1A, 5C,D) with narrow cutting edge on elongated coxa, armed with one complex tooth ventrally, one unipinnate seta dorsally, and several smaller teeth and/or spinules in between. Palp one-segmented, cylindrical, about 2.5 times as long as wide, unornamented, and armed apically with two smooth and subequal setae, each with pore on tip.
Maxillula (Figures 1A, 5E) with relatively large praecoxa, arthrite rectangular, about 1.5 times as long as wide from lateral view, ornamented with single spinule on posterior surface near dorsal margin, armed with lateral strong seta and four apical elements (probably three spines and one strong seta; apical spines with crown of spinules on tip, resembling small hands). Coxal endite armed with one smooth seta apically. Basis slightly longer than coxal endite, armed with three apical setae (two smooth and slender, one curved and unipinnate), and single minute lateral seta. Endopod and exopod absent (fused to basis without trace), minute seta on basis probably representing remnants of exopodal armature. All coxal and basal setae, as well as smooth lateral seta on praecoxa, with pore on tip.
Maxilla ( Figures 1A, 5F ), composed of syncoxa, basis, and one-segmented endopod, ornamented with row of five spinules on inner side of syncoxa proximally, and with arched row of six spinules on posterior side of syncoxa close to outer margin. Syncoxa with two endites, basal armed with single smooth seta apically, distal armed with two smooth and one pinnate seta apically. Basis drawn out into strong and unipinnate claw, without seta at base, with cuticular pore on convex margin near distal tip. Endopod represented by minute segment, armed with two smooth subequal apical setae. All setae on maxilla with pore on tip.
Maxilliped ( Figures 1A, 5G ) with short and relatively strong syncoxa, unarmed and unornamented; basis slender, almost five times as long as wide and three times as long as syncoxa, unornamented and unarmed; endopod represented by short curved claw, swollen at base as indication of ancestral one-segmented endopod, ornamented with several strong spinules along concave margin distally, about 0.7 times as long as basis.
First swimming leg ( Figures 1A, 6C ) with smooth praecoxa, coxa and intercoxal sclerite. Praecoxa partly fused to coxa. Intercoxal sclerite very small, with narrow and concave distal margin. Basis somewhat shorter than coxa, pentagonal, ornamented Downloaded by [University of Tasmania] at 00:38 20 March 2013 with bunch of large spinules on outer margin, another bunch along distal margin at base of endopod, and armed with single short seta on outer margin. Exopod three-segmented, armed with one outer spine on first segment and four elements on third segment (two outer spines and two apical geniculate setae); ornamented with several large spinules along outer margin and distally on all segments. Endopod twosegmented, about as long as exopod; first segment reaching slightly beyond distal margin of second exopodal segment, about four times as long as wide, unarmed, ornamented with two short rows of large spinules on outer margin and one longer row of even longer spinules on inner margin; second segment armed apically with long geniculate seta and much shorter spine; endopodal geniculate seta 1.5 times as long as entire endopod, 1.2 times as long as larger geniculate exopodal seta, and almost 2.4 times as long as outer spine on endopod. All exopodal and endopodal armature unipinnate along outer margin.
Second swimming leg ( Figures 1A, 6D ) with smooth praecoxa, and intercoxal sclerite. Intercoxal sclerite large, trapezoidal, with deeply concave distal margin. Praecoxa triangular and large. Coxa short, rhomboidal, with diagonal row of small spinules on anterior surface and two shorter rows of minute spinules along distal margin on posterior surface. Basis larger than coxa, semicircular, unarmed, ornamented with row of spinules on outer margin. Exopod three-segmented, ornamented with large spinules along outer margin, and with distal hyaline frills on each segment on inner side; first segment armed with single outer spine; second segment unarmed; third segment armed with three long elements (probably outer spine and two apical setae), innermost one slightly longer than exopod; all exopodal armature bipinnate. Endopod one-segmented, cylindrical and slender, almost five times as long as wide, reaching three-quarters of first exopodal segment in length, ornamented with four large spinules along apical margin; armed apically with single smooth seta, about 0.6 times as long as segment and pointing inwards.
Third swimming leg (Figures 1B, 6E) with smooth intercoxal sclerite, larger than on other legs, trapezoidal, smooth, and with almost straight distal margin. Praecoxa not well defined on anterior surface, triangular on posterior surface, about as large as in second leg, unarmed, ornamented with single spinule on anterior surface. Coxa rectangular, with arched row of large spinules on anterior surface. Basis robust, ornamented with two minute spinules and one pore on anterior surface, several minute spinules along distal margin on posterior surface, armed with outer long and slender seta; distal inner corner of basis produced distally as short blunt chitinous beak, probably reinforcing exopod. Endopod represented by single smooth and strong armature element, inserted on inner margin at one-third of basis length. Exopod with both segments fused; ancestral proximal segment twice as long as wide, curved inwards and with inner chitinous bulge at two-thirds of its length, ornamented with several minute spinules along outer margin, and single small spinule on distal outer corner, armed subapically with simple, strong, smooth and inwardly curved spine, 1.6 times as long as apophysis; ancestral distal segment (apophysis) conical, oriented slightly inwards, unornamented, and armed with single short leaf-like seta on top with its tip pointing outwards.
Fourth swimming leg ( Figures 1C, 6F ) with smooth praecoxa and intercoxal sclerite. Intercoxal sclerite shorter and smaller than in second leg, with equally long and concave distal margin. Praexoca, large and triangular from anterior view. Coxa rhomboidal, slightly smaller than in second leg, unarmed, ornamented with short distal row Downloaded by [University of Tasmania] at 00:38 20 March 2013 of spinules on posterior surface. Basis also short and rhomboidal in anterior view, armed with single outer seta, ornamented with several spinules on outer margin and with huge chitinous spiniform process between exopod and endopod, pointing inwards and leaf-like distally. Exopod three-segmented, ornamented with few large spinules along outer margin on all segments, and with hyaline frills distally on inner side of second and third segments; first segment with straight inner margin, additionally ornamented with long row of long and slender spinules along inner margin, armed with single outer spine; second segment unarmed; third segment armed with outer spine and long and strong apical seta; apical seta 2.7 times as long as third exopodal segment, 0.8 times as long as entire exopod, and more than twice as long as outer spine. Endopod shorter than spiniform process on basis, one-segmented and spiniform, with apical crown of four large spinules, fused basally and arranged as small scoop pointing outwards. Apical endopodal scoop and tip of basal hyaline spine forming pincer-like structure.
Fifth leg ( Figures 1D, 4B , 6G) simple elongated triangular plate, inner distal corner produced into very long and distally serrate spiniform process, ornamented with short row of six large spinules along inner margin, longer row of smaller spinules on posterior surface proximally, and cuticular pore on anterior surface, armed with three smooth setae; outermost seta (ancestral basal one) longest, almost as long as entire leg; middle seta (probably ancestral outer endopodal) much shorter than basal seta, hardly reaching tip of inner distal process, 0.2 times as long as leg, and 1.7 times as long as innermost seta (inner endopodal). Fifth legs distinct at base, with very small space between them, pointing caudally, and almost reaching distal margin of sixth legs with their tips.
Sixth legs ( Figures 1D, 6H ) smooth, unarmed and unornamented, forming simple operculum covering gonopore, probably both fused together, or right one reduced and left one enlarged.
Female (based on allotype and several paratypes). Body length, excluding caudal setae, from 375 to 400 µm (385 µm in allotype). Habitus ( Figure 2B ), ornamentation of prosomites, colour and nauplius eye similar to male, except genital and first abdominal somite fused into double somite and habitus slightly less slender.
Genital double somite ( Figures 2B,E, 4C ) about as wide as long (dorsal view), without any trace of subdivision, with oval dorsal cuticular window in anterior half, much larger than that in male (originating from fused windows of two ancestral somites). Genital complex ( Figures 2E, 6M ) occupying anterior ventral half of genital double somite; genital apertures covered by vestigial sixth legs; median copulatory pores also covered by fused sixth legs; seminal receptacles small, hard to distinguish from internal tissue and gut content, rectangular; copulatory ducts weakly sclerotized. All posterior sensilla homologous to those on male third urosomite, while two sensilla from male second urosomite missing (nos. 32 and 34).
Third, fourth (preanal) and fifth (anal) urosomites very similar to male ( Figures 2B-D, 4C) .
Caudal rami ( Figures 2B-D, 4C ) slightly shorter in proportion to anal somite, about five times as long as wide in ventral (or dorsal) view, but also cylindrical and parallel or slightly divergent, with armature and ornamentation as in male.
Antennula ( Figures 2B, 5H ) seven-segmented, ornamented on first segment with few minute spinules on ventral surface, not geniculate, with slender aesthetasc on fourth segment, not reaching beyond tip of appendage, and more slender apical Downloaded by [University of Tasmania] at 00:38 20 March 2013 aesthetasc on seventh segment, fused basally to two apical setae; proximal aesthetasc much more slender than in male; setal formula: 0. 4.5 .2 + ae.1.0.9 + ae. All setae, except proximalmost one on second segment, smooth, and most seta with pore on tip.
Antenna ( Figure 2B ), labrum ( Figure 2F ), paragnaths ( Figure 2F ), mandibula ( Figure 2F ), maxillula ( Figure 2F ), maxilla ( Figure 2F ), maxilliped ( Figure 2F ), first swimming leg and second swimming leg ( Figure 6I ) similar to male.
Third swimming leg ( Figure 6J ) with smooth praecoxa and intercoxal sclerite. Coxa with arched row of large spinules on anterior surface, and two rows of spinules along distal margin on posterior surface, unarmed. Basis ornamented with several spinules on outer margin distally, armed with very long and smooth outer seta about as long as entire exopod. Exopod two-segmented, ornamented with large spinules along outer margin, both segments with hyaline frills distally on inner side; first segment armed with single outer spine; second segment with outer spine and apical strong seta; all elements bipinnate. Endopod one-segmented, small, linguiform, unarmed, reaching only two-fifths of first exopodal segment in length, ornamented with three small distal spinules.
Fourth swimming leg ( Figure 6K ) without spiniform process on basis. Endopod one-segmented, straight, ornamented with apical row of four spinules at base of apical spine and two spinules on inner margin; apical spine not distinct at base, smooth, and about 0.8 times as long as endopod; endopod with apical spine reaching posterior margin of first exopodal segment in length. Exopod similar to male, but inner margin of first exopodal segment lacks spinules.
Fifth leg ( Figures 2E, 4C , 6L) also represented by simple cuticular plate, but without any spinules along inner margin and with longer row of minute spinules on posterior surface proximally. Armature as in male.
Sixth legs vestigial ( Figures 2E, 6M ), fused into simple cuticular flap, covering gonopores, unornamented and unarmed; distal margin thin, with produced lobe centrally and notches laterally.
Distribution
This species is only known from the type locality, Young River near Sanggu city in South Korea (Figure 12 ).
Ecology
Specimens were collected from the interstitial environment of the river bank sand, but no data are available on the water chemistry or sediment size. Type locality South Korea, Gyungsangbuk-do region, Uljin city, Geunnam town, Wangpi stream, interstitial water from several beaches on banks, 36
Proserpinicaris wangpi
• 57 41.4 N 129 • 22 46.4 E.
Specimens examined
Types only: holotype male, allotype female, three paratypes (one male and three females) together on one scanning electron microscopy stub (collection number Downloaded by [University of Tasmania] at 00:38 20 March 2013 NIBRIV0000232619); four paratypes (one males and three females) dissected on one slide each (collection numbers NIBRIV0000232620 to 0000232623); additional three paratype females together in alcohol (NIBRIV0000232624); 12 paratypes from separate sample (two males, six females and four copepodids) together in alcohol (NIBRIV0000232625); all collected from type locality, 18 May 2010, leg. J.-L. Cho, all deposited in the National Institute of Biological Resources, South Korea.
Etymology
The species name refers to its type locality, Wangpi stream, and should be treated as a noun in apposition to the generic name.
Description Male (based on holotype and several paratypes).
Total body length from 355 to 373 µm (360 µm in holotype). Colour, body segmentation, arthrodial membranes, and sensilla pattern as in P. young sp. nov. (see above). Habitus ( Figure 7A ) cylindrical and slender, without any demarcation between prosome and urosome; prosome/urosome ratio 0.7; greatest width hard to establish in dorsal view; free prosomites in lateral view narrower than cephalothorax and even slightly narrower than urosome. Body length/width ratio about 8.8 ; cephalothorax about as wide as genital somite. without any expansions laterally or dorsally. Hyaline fringes of all somites smooth, very narrow and hard to distinguish from arthrodial membranes, except in preanal somite dorsally and partly laterally. Integument weakly sclerotized, very smooth, without any spinules or cuticular pits (except several spinules on caudal rami), ornamentated with 45 pairs of sensilla and four pairs of pores (three on anal somite, and one on caudal rami), dorsally with round cuticular window on cephalothorax and oval cuticular windows on genital and three postgenital somites, all in same position and of similar size to those in P. young. Pleural areas of cephalothorax ( Figure 7D ) and free pedigerous somites ( Figure 7A ) not well developed, cephalic appendages and coxae of swimming legs clearly exposed in lateral view; rostrum and cuticular sutures of free pedigerous posomites as in P. young.
Cephalothorax ( Figure 7A ,D) about 1.5 times as long as wide in dorsal view; representing 17 % of total body length.
Urosomites ( Figures 7A, 8A ,B, 9A) proportionately shorter and wider than in P. young, but without any other difference. Anal somite also about 1.2 times as long as preanal somite.
Spermatophore ( Figure 9A ) proportionately smaller and slenderer than in P. young.
Caudal rami ( Figures 7B, 9A ) much shorter than in P. young (arrowed in Figure 9A ), about 4.3 times as long as greatest width (ventral view) and about 1.2 times as long as anal somite, cylindrical, parallel, with space between them about 1.5 times one ramus' width; armed with seven armature elements (three lateral, one dorsal and three apical). Ornamentation consists of large lateral cuticular pore near posterior margin, and posterior ventral row of three large spinules. Dorsal seta slender and smooth, inserted closer to inner margin of ramus at about five-sixths of its length, 1.3 times as long as caudal ramus, triarticulate. Lateral setae slender and smooth, inserted very close to each other at two-fifths of ramus length, minute one between two larger ones and slightly posterior to them. Anterior lateral seta inserted more dorsally, longest, 0.7 times as long as ramus, 1.4 times as long as other anterior seta, and about seven times as long as minute seta. Inner apical seta smooth, inserted close to ventral margin, about 0.6 times as long as ramus. Middle apical seta strongest, without breaking plane, unipinnate, about 1.5 times as long as ramus, pointing distally, with slightly curled tip. Outer apical seta also without breaking plane and unipinnate, relatively strong basally but much shorter, about 0.7 times as long as ramus, inserted close to dorsal surface and pointing laterally. Antennula ( Figure 7C ) relatively large, eight-segmented, prehensile and digeniculate, with distal part much more strongly clasped (probably random post-mortem effect) and fifth segment more robust than in P. young, but armature and ornamentation without any difference, except aesthetasc on fifth segment wider and slightly longer.
Antenna, labrum ( Figure 7D ), mandibula ( Figure 7D ), maxillula ( Figure 7D ), maxilla ( Figure 7D ), maxilliped ( Figure 7D ), and first swimming leg as in P. young.
Paragnaths ( Figure 7D ) with eight large spinules in transverse row on posterior surface of central lobe.
Second swimming leg ( Figure 9C ) as in P. young, except endopod only about four times as long as wide (arrowed in Figure 9C ) and reaching three-fifths of first exopodal segment; apical seta 0.7 times as long as segment and pointing distally.
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Third swimming leg ( Figures 7E, 9B ) with narrower basis and proximal exopodal segment (arrowed in Figure 9B ) than in P. young, and with shorter outer spine on proximal exopodal segment. Proximal exopodal segment 2.7 times as long as wide, with small tubular pore on posterior surface near inner margin (latter not observed in P. young). Distal outer corner of proximal exopodal segment smooth (spinule missing). Leaf-like seta on apophysis more curved than in P. young.
Fourth swimming leg ( Figure 7F ) as in P. young, except apical seta on third exopodal segment somewhat shorter (about 2.2 times as long as third exopodal segment and 0.6 times as long as entire exopod); endopod and large basal spiniform process exactly as those in P. young.
Fifth leg ( Figure 8A,B) represented by simple triangular cuticular plate, inner distal corner produced into distally serrate spiniform process (shorter than in P. young), ornamented with four large spinules on inner margin, one arched proximal row of 14 minute spinules on posterior surface, and large cuticular pore on anterior surface; armature as in P. young.
Sixth legs ( Figure 8A ) smooth, unarmed and unornamented, forming simple operculum covering gonopore, slightly smaller than in P. young.
Female (based on allotype and several paratypes).
Body length from 330 to 355 µm (335 µm in allotype). Habitus ( Figure 8C ), ornamentation of prosomites, colour and nauplius eye similar to male; genital and first abdominal somite fused into double somite and habitus less slender; free prosomites significantly narrower than urosomites in lateral view.
Genital double somite ( Figures 8C, 9D ) about as wide as long (dorsal view), without any trace of subdivision, with oval dorsal cuticular window in anterior half, much larger than that in male (originating from fused windows of two ancestral somites). Genital complex occupying anterior ventral half of genital double somite; genital apertures covered by vestigial sixth legs; median copulatory pores also covered by fused sixth legs; seminal receptacles small, trapezoidal in lateral view, hard to distinguish from internal tissue and gut content; copulatory duct very short and weakly sclerotized. All posterior sensilla homologous to those on male third urosomite, whereas two sensilla from male second urosomite missing (nos. 32 and 34).
Third ( Figure 8C ), fourth (preanal) ( Figure 8C ), and fifth (anal) ( Figure 8D ) urosomites similar to male.
Caudal rami ( Figures 8D, 9E ) slightly shorter in proportion to anal somite, from 3.6 to 3.9 times as long as wide, but also cylindrical and parallel, with armature and ornamentation as in male.
Antennula ( Figures 8C, 9F ) segmentation, ornamentation and armature as in P. young, except both aaesthetascs much more robust (arrowed in Figure 9F) . Antenna, labrum, paragnaths, mandibula, maxillula, maxilla, maxilliped, first swimming leg, second swimming leg, exopod of fourth swimming leg similar to male.
Third swimming leg ( Figures 8C, 9H ) as in P. young, but with shorter apical element on second exopodal segment (arrowed in Figure 9H ).
Fourth swimming leg ( Figures 8C, 9J ) without spiniform process on basis. Endopod one-segmented, slightly curved, ornamented with apical row of two spinules at base of apical spine and three spinules on inner margin; apical spine not distinct at base, finely serrated (or bipinnate) distally, and about as long as endopod (i.e. proportionately longer than in P. young; arrowed in Figure 9J ).
Fifth ( Figure 8C ) and sixth legs as in P. young.
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Distribution In addition to the type locality, Wangpi stream near Uljin city in South Korea (Figure 12 ), this species probably lives in a well near Seongryu-gul cave at Uljin (less than 15 km away). Miura (1969) reported the latter population as Parastenocaris niponnensis Chappuis, 1955, and Lee and Chang (2009) synonymized Miura's record with their new species P. ondali Lee and Chang, 2009 , presuming a wide distribution of P. ondali in Korea. In the light of the presently discovered short range endemism in this group, both were probably wrong. Most morphological characters reported by Miura (1969) agree with Proserpinicaris wangpi sp. nov., and the proximity of the two locations suggests that these two populations are most probably conspecific. Hence, we think Miura's record is likely to be synonymous with P. wangpi. Of course, the Japanese population of P. niponnensis is a distinct species.
Ecology
Specimens were obtained from several interstitial samples as well as from a well near a cave, which probably means that this species explores a wide range of subterranean habitats.
Proserpinicaris imjin sp. nov. (Figures 10, 11)
Type locality South Korea, Gyeonggido region, Paju city, Jeokseong town, Imjin river, interstitial water from sandy beaches, 37
• 59 04.4 N, 126
• 55 41.2 E.
Specimens examined
Types only: holotype male and allotype female together on one scanning electron microscopy stub (collection number NIBRIV0000232626); one paratype male in alcohol (NIBRIV0000232627); four paratypes from a different sample (two males and two females) dissected on one slide each (collection numbers NIBRIV0000232628 to 0000232631); six paratypes from a different sample (four males and two females) together in alcohol (NIBRIV0000232632); all collected from the type locality, 14 July 2010, leg. J.L. Cho, all deposited in the National Institute of Biological Resources, South Korea.
Etymology
The species name refers to its type locality, Imjin river, and should be treated as a noun in apposition to the generic name. softer than in P. young or in P. wangpi sp. nov., without any spinules or cuticular pits (except several spinules on caudal rami), but with slightly wrinkled surface, ornamentated as in P. young and P. wangpi with 45 pairs of sensilla and four pairs pores (three on anal somite, and one on caudal rami), dorsally with round cuticular window on cephalothorax and oval cuticular windows on genital and three postgenital somites, all in same position and of similar size to those in P. young but not as well defined because of thin integument. Pleural areas of cephalothorax ( Figure 10A,B) and free pedigerous somites (Figure 10C,D) not well developed, cephalic appendages and coxae of swimming legs clearly exposed in lateral view; rostrum and cuticular sutures of free pedigerous prosomites as in P. young.
Cephalothorax ( Figure 10A ,B) about 1.5 times as long as wide in dorsal view; representing 18 % of total body length.
Urosomites ( Figure 10A ) proportionately shorter and wider than in P. young or even P. wangpi, but without any difference in ornamentation. Anal somite ( Figures 10A, 11A ,B) about as long as preanal somite, i.e. proportionately shorter than in P. young and P. wangpi; anal operculum clearly concave in dorsal view.
Spermatophore ( Figure 11C ) more slender than in P. young, about 2.4 times as long as wide.
Caudal rami ( Figures 10A, 11A ,B) from 3.2 to 3.6 times as long as greatest width and only about as long as anal somite, cylindrical in anterior part but slightly inflated in posterior part in lateral view (arrowed in Figure 11A ), nearly parallel, with space between them about 1.5 times one ramus width; armed with seven armature elements (three lateral, one dorsal and three apical). Ornamentation consists of large lateral cuticular pore near posterior margin, and posterior ventral row of two small spinules. Dorsal seta slender and smooth, inserted closer to inner margin at about fourfifths, about as long as caudal ramus, triarticulate . Lateral setae slender and smooth, inserted very close to each other at two-fifths of ramus length, minute one between two larger ones and slightly posterior to them. Anterior lateral seta inserted more dorsally, longest, 0.6 times as long as ramus, 1.3 times as long as other anterior seta, and about seven times as long as minute seta. Inner apical seta smooth, inserted close to ventral margin, about 0.6 times as long as ramus. Middle apical seta strongest, without breaking plane, unipinnate, about 1.5 times as long as ramus, pointing distally, with slightly curled tip. Outer apical seta also without breaking plane and unipinnate, relatively strong basally but much shorter, about 0.8 times as long as ramus, inserted close to dorsal surface and pointing laterally.
Antennula ( Figure 10B ) relatively large, seven-segmented, prehensile and digeniculate, with distal part not clasped (probably random post-mortem effect), fifth segment more robust than in P. young, armature and ornamentation without any difference, except aesthetasc on fifth segment narrower and slightly shorter.
Antenna ( Figure 10B ) more slender than in P. young and P. wangpi, with allobasis slightly more than four times as long as wide. Armature and ornamentation as in P. young.
Labrum (Figure 10B ), paragnaths (10A), mandibula ( Figure 10B ), maxillula ( Figure 10A ), maxilla ( Figure 10A ), maxilliped ( Figure 10A ) and first swimming leg ( Figure 10A ) as in P. young.
Second swimming leg ( Figures 10A, 11D ) as in P. young, except endopod not inflated in proximal half and about five times as long as wide and reaching three-fifths of first exopodal segment; apical seta 0.5 times as long as segment and pointing distally.
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Third swimming leg ( Figures 10C, 11E ) with tubular pore on posterior surface of first exopodal segment as in P. wangpi but general shape much more similar to that in P. young, except outer spine on first exopodal segment less robust and distal outer corner of proximal exopodal segment smooth (spinule missing). Leaf-like seta on apophysis smaller than in P. young and P. wangpi.
Fourth swimming leg ( Figure 10C ) as in P. young, except apical seta on third exopodal segment somewhat shorter (about twice as long as third exopodal segment and 0.6 times as long as entire exopod); endopod and large basal spiniform process as in P. young, except also slightly short in proportion to first exopodal segment.
Fifth leg ( Figure 10D ) simple triangular cuticular plate, inner distal corner produced into distally serrate spiniform process (longer than in P. young), ornamented with four to six large spinules on inner margin, one arched proximal row of 14 minute spinules on posterior surface, and large cuticular pore on anterior surface; armature as in P. young, except inner endopodal seta only half as long as outer endopodal seta, and not reaching tip of distal spiniform process .
Sixth legs ( Figure 10D ) smooth, unarmed and unornamented, forming simple operculum covering gonopore, slightly smaller than in P. young.
Female (based on allotype and several paratypes).
Body length from 345 to 349 µm (345 µm in allotype). Habitus ( Figure 10E ), ornamentation of prosomites, colour and nauplius eye similar to male; genital and first abdominal somite fused into double somite and habitus less slender; free prosomites slightly narrower than urosomites in lateral view.
Genital double somite ( Figure 11F ) slightly wider than long in dorsal view, without any trace of subdivision, with oval dorsal cuticular window in anterior half, much larger than that in male (originating from fused windows of two ancestral somites). Genital complex occupying anterior ventral half of genital double somite; genital apertures covered by vestigial sixth legs; median copulatory pores also covered by fused sixth legs; seminal receptacles small, hard to distinguish from internal tissue and gut content; copulatory duct very short and weakly sclerotized. All posterior sensilla homologous to those on male third urosomite, while two sensilla from male second urosomite missing (nos. 32 and 34).
Third ( Figure 11F ), fourth (preanal) ( Figure 11F ) and fifth (anal) ( Figures 10F,  11F ) urosomites similar to male.
Caudal rami ( Figures 10F, 11F ) laterally compressed but inflated in lateral view (arrowed in Figure 11F ), shorter in proportion to anal somite than in male, only about twice as long as wide. Apical armature in allotype much reduced in length, all less than half as long as caudal rami, but in paratypes not much different to those in male (except outer apical seta slightly shorter). Lateral armature and ornamentation as in male.
Antennula ( Figures 10E, 11G ) segmentation, ornamentation and armature as in P. young, with both aesthetascs very slender (i.e. much more slender than in P. wangpi).
Antenna ( Figure 10E ), mandibula ( Figure 10E ), maxillula ( Figure 10E ), maxilla ( Figure 10E ), maxilliped ( Figure 10E ), first swimming leg ( Figure 10E ), second swimming leg ( Figures 10E, 11H) , and exopod of fourth swimming leg ( Figure 10E ) similar to male.
Third swimming leg ( Figure 11I ,J) as in P. young, but with shorter apical element (even shorter than in P. wangpi) on second exopodal segment. Downloaded by [University of Tasmania] at 00:38 20 March 2013
Fourth swimming leg ( Figures 10E, 11K ) without spiniform process on basis. Endopod one-segmented, straight, ornamented with apical row of two spinules at base of apical spine and three spinules on inner margin; apical spine not distinct at base, finely serrated (or bipinnate) distally, and about 0.8 times as long as endopod.
Fifth leg ( Figure 11F ) also simple cuticular plate, but without any spinules along inner margin and with shorter distal spiniform process. Armature similar to male.
Sixth legs ( Figure 11F ) vestigial, simple cuticular plates, covering gonopores, unornamented and unarmed, completely fused, forming simple flap.
Distribution
This species is only known from the type locality, Imjin river near Jeokseong town in South Korea (Figure 12 ).
Ecology
Specimens were obtained from interstitial habitats on the river banks, but no data are available on the water chemistry or sediment size.
Discussion
Proserpinicaris young sp. nov., P. imjin sp. nov. and P. wangpi sp. nov . are all closely related to each other, as well as to another Korean congener, P. ondali (Lee and Chang, 2009 ) comb. nov., described from Ondal-gul Cave near Danyang (Lee and Chang 2009; Chang 2010 ; see Figure 12 ). Their morphological differences are mostly related to the shape of the caudal rami, general habitus appearance, details in the shape of the fifth leg, as well as some other details in ornamentation of somites and armature of antennulae, but these differences are not smaller than those between some European members of this genus, especially those from Italy and its islands, France, and Spain (see Chappuis,1937; Cottarelli et al. 1980; Bruno and Cottarelli 1998; Pesce et al. 1988; Cottarelli 1989; Rouch 1990 Rouch , 1992 Rouch , 1996 Martínez Arbizu 1997) . The easiest way to distinguish these Korean species is by the shape of their caudal rami. They are shortest in P. imjin (see Figure 10A ,F), and even inflated in lateral view in females, resembling those of P. phyllura (Kiefer, 1938) comb. nov., and some Italian populations of P. proserpina (Chappuis, 1938) , although the latter may be a sign of undescribed distinct species. The hypothesis of Schminke (1991) about the caudal rami shape being a polymorphic character in parastenocaridids was never challenged nor tested using molecular methods. Some recent molecular studies (Karanovic and Cooper 2011a,b) show that the caudal rami shape is relatively constant within all Australian parastenocaridid species, despite being a major morphological difference between some closely related congeners. Proserpinicaris imjin also has a less vermiform habitus than any other Korean species, but its inner distal process on the male fifth leg is much longer and more robust than in the other three species, showing that the differences are not a result of a single gene mutation (for example all appendages being elongated, or shortened). Proserpinicaris young, on the other hand, can be distinguished from the other three species by its exceptionally long caudal rami in both sexes (see Figure 2A,D) , and it also has a significantly shorter apophysis of the male third leg than the outer spine ( Figure 1B) . Proserpinicaris ondali and P. wangpi have the most similarly shaped caudal Downloaded by [University of Tasmania] at 00:38 20 March 2013 Figure 12 . Distribution of the Proserpinicaris Jakobi, 1972 species in Korea: 1, P. imjin sp. nov.; 2, P. ondali (Lee and Chang, 2009); 3, P. wangpi sp. nov.; 4, P. young sp. nov.; 5, P. sp . See text for more explanation.
rami, but can be easily distinguished by the following five characters: P. ondali has a longer inner distal process on the male fifth leg, with the longest endopodal seta reaching only half of its length (compare fig. 5D in Lee and Chang (2009) Figure 7B) ; both male and female caudal rami of similar length or female rami slightly longer in P. ondali, whereas female caudal rami always significantly shorter than those in male in P. wangpi; somewhat different armature formula of both male and female antennulae (although this may be a result of different observation); and anal somite with two short ventral rows of spinules in anterior half in P. ondali, whereas those are always missing in P. wangpi. In fact, all three new Korean species described here are missing ventral spinules on the anal somite. They are present in the Japanese P. nipponensis (Chappuis, 1955) comb. nov ., but this species differs from P. ondali by much longer caudal rami and shorter dorsal caudal seta, among other things. Miura (1969) reported P. nipponensis from Korea, but this record was tentatively synonymized with P. ondali by Lee and Chang (2009) . We synonymize it with P. wangpi based on their morphology and the proximity of their sampling locations. The Japanese P. nipponensis would have to be redescribed to properly assess the level of morphological differences from the Korean congeners, as the original description by Chappuis (1955) and the redescription of females by Miura (1964) are both lacking in detail. All four Korean species are allopatric in distribution (Figure 12 ), and there is probably another undescribed species in the Gyeongsangnam-do province, reported from two specimens only and considered as conspecific with P. ondali by Lee and Chang (2009) and Chang (2010) . They did not provide any illustrations of these specimens, and this population would have to be examined for microcharacters discovered in the current study, to be able to properly assess its taxonomic status. Recent combined morphological and molecular studies of short range endemics from the genus Kinnecaris Jakobi, 1972 in Australia (Karanovic and Cooper, 2011b) have shown that similar morphological differences in urosomite ornamentation, caudal rami shape, and proportions of different armature elements on the swimming legs are all indicative of distinct biological species. The group of five species from Korea and Japan is certainly a monophyletic lineage within Fontinalicaridinae, defined by the shape of the fourth leg endopod in male, which bears a scoop-like structure on the tip, formed by a bunch of basally fused apical spinules.
All five Asian species mentioned above also have a large and slender hyaline process on the anterior surface of the male fourth leg basis, between exopod and endopod, which is a synapomorphy of a larger group of species, including also the type species of the genus Proserpinicaris Jakobi, 1972 , P. proserpina (Chappuis, 1938 . This is a complex structure and highly unlikely to have arisen convergently a number of times, which means that recognizing the Asian species as a separate genus would render the genus Proserpinicaris paraphyletic. Type species of two genera proposed by Jakobi (1972) (Nipponicaris Jakobi, 1972, and Pannonicaris Jakobi, 1972 ) also share this structure, and are included here in the redefined genus Proserpinicaris, which makes these two genera junior subjective synonyms of Proserpinicaris (see above). The genus Proserpinicaris, as redefined here, is Palaearctic in distribution, with its centre of diversity in southern Europe. Besides five Asian congeners and the type species, we consider as its valid members the following 14 species: Proserpinicaris admete (Cottarelli, Fasano, Mura and Saporito, 1980) comb. nov. from Sardinia (Cottarelli et al. 1980) ; P. amalasuntae (Bruno and Cottarelli, 1998) comb. nov . from the mainland Italy (Bruno and Cottarelli 1998) ; P. cantabrica (Chappuis, 1937) from Spain (Chappuis 1937; Lang 1948) ; P. cruzi (Noodt and Galhano, 1969) comb. nov. from Portugal (Noodt and Galhano 1969) ; P. gorganensis (Kovalchuk and Kovalchuk, 1990) comb. nov. from Ukraine (Kovalchuk and Kovalchuk 1990) (Cottarelli, 1989) comb. nov. from Sardinia (Cottarelli 1989) ; P. kalypso Cottarelli, 1988) comb. nov. from Sicily (Pesce and Galassi 1987; Pesce et al. 1988 ); P. mangini (Rouch, 1992) comb. nov. from France (Rouch 1992) ; P. meridionalis (Rouch, 1990) comb. nov. from France (Rouch 1990) ; P. moravica (Šterba, 1965) from the Czech Republic (Šterba 1965) ; P. nicolasi (Rouch, 1996) comb. nov. from France (Rouch 1996) ; P. pannonica (Török, 1935) comb. nov. from Hungary, Romania, and Slovakia (Török 1935; Lang 1948; Damian 1958; Kulhavý 1960); and P. phyllura (Kiefer, 1938) from central and northern Europe (Kiefer 1938; Kunz 1938; Lang 1948; Noodt 1952; Kulhavý 1960; Enckell 1969; Glatzel 1990 Glatzel , 1992 Glatzel and Schminke 1996) .
We have to point out that the description of P. gorganensis is severely lacking in detail (see Kovalchuk and Kovalchuk 1990) , but that is a constant problem in this family (Schminke 2010) , and one of the main factors that precludes a meaningful cladistic analysis based on morphological characters (Karanovic 2005; Karanovic and Cooper 2011a, b) . Of the 20 species of Proserpinicaris, only probably the descriptions of P. amalasuntae, P. cruzi, P. hispanica, P. phyllura and P. proserina are adequate to allow recognizing potential new closely related congeners, and those of the latter two mostly thanks to some detailed redescriptions (see Kunz 1938; Noodt 1952; Bruno and Cottarelli 1998) . All other species would have to be redescribed if we are to properly assess the diversity in this group and explore phenomena like short-range endemism. Some other, also technical, problems are already mentioned in the Introduction section above, as well as in the Remarks sections after the revised generic diagnosis. We speculate that the male fourth leg of P. pannonica, as illustrated by Török (1935) , was probably swapped with another new species that he described in the same paper and from the same locality (Budapest, Hungary), Parastenocaris budapestiensis Török, 1935 . This mix-up caused quite a few problems in the past. Lang (1948) , for example, because of this, and because he relied mostly on the characters of the fourth swimming leg, placed P. budapestiensis in the proserpina-group, although it shared hardly any other morphological characters with the other four species. Similarly, he considered P. pannonica to be a member of the minuta-group. The same original mix-up prompted Jakobi (1972) to designate P. pannonica the type species of his new genus Pannonicaris Jakobi, 1972, where he additionally included four other species from the minuta-group. He also designated P. budapestiensis the type species of his new genus Lacustricaris Jakobi, 1972, where he additionally included only a completely unrelated Canadian species, Parastenocaris lacustris Chappuis, 1958 . Schminke (2010 recognized that P. budapestiensis and P. lacustris are so different that he included them in two separate subfamilies, but unfortunately did not realize that by excluding the type species from the genus Lacustricaris it cannot be a valid genus any longer. We here formally synonymize Lacustricaris with Parastenocaris Kessler, 1913, and designate P. lacustris as incertae sedis in Fontinalicaridinae.
As mentioned in the Introduction section, we also do not consider Parastenocaris nolli Kiefer, 1938, and P. delamarei Chappuis, 1958 as members of the genus Proserpinicaris, even though they were included here by Jakobi (1972) . The former species has its lateral caudal setae inserted near the posterior margin, very short fifth legs both in male and female, and relatively small spinules on the male fourth leg basis inserted medially from endopod, among many morphological differences (see Kiefer 1938 Kiefer , 1960a , and it was correctly placed in the nominotypical subfamily by Schminke (2010) . Parastenocaris delamarei was also placed in the nominotypical Downloaded by [University of Tasmania] at 00:38 20 March 2013 subfamily by Schminke (2010) . It differs from all 20 species of Fontinalicaris by the shape of the male third leg, armature of the male fourth leg basis, and insertion of lateral setae on the caudal rami (see Chappuis 1958) .
Martínez Arbizu (1997) noted that his newly described Spanish species, P. hispanica, is morphologically extremely similar to the French Parastenocaris fontinalis meridionalis Rouch, 1990 , and he argued that the latter is a separate species too, rather than a subspecies of P. fontinalis Schnitter and Chappuis, 1915 . We completely agree with this view. We do not, however, share his view that P. hispanica and P. meridionalis should be considered members of the fontinalis-group. It was Karanovic (2005) who first pointed out that these two species could not be assigned to the fontinalis-group. Martínez Arbizu's (1997) phylogenetic analysis was conducted on an arbitrary group of four species and one subspecies (including Parastenocaris psammica Songeur, 1961 , which has completely different fifth legs both in male and female), and without an outgroup. Although he mentioned that Parastenocaris aquaeducta Chappuis, 1925 was "considered an appropriate outgroup to polarize the characters", no characters were scored for it in his matrix, nor did it appear on the resulting cladogram. Furthermore, of the 16 scored characters six have the same state in all five taxa, and so are not phylogenetically informative for the analysis. Most curiously, he did not score for the presence/absence of a large hyaline process on the male fourth leg basis, which is an obvious morphological feature that at once distinguishes P. hispanica and P. meridionalis from the other three members, and which was used by Lang (1948) to define a completely separate group of species, the proserpina-group. Had he done so, he would have had to consider a much larger number of species in his phylogenetic analysis. It is not clear why Martínez Arbizu (1997) has chosen to compare his new species with a selected small number of species from the fontinalis-group [which had grown significantly since first proposed by Lang (1948) ], and none from the proserpina-group, but we speculate that this may be because of a relatively similar shape of the male fourth leg endopod in P. proserpina and P. hispanica. Unfortunately, as we discussed above, the transformed endopod with serrulate or tuberculate margins can be found in some other unrelated taxa (see, for example, Cottarelli et al., 2000) , and is either a plesiomorphic character state or a homoplasy. Most of the species of Proserpinicaris have this type of endopod, except P. ima, where it is completely smooth, and P. cruzi and P. cantabrica, where the endopod is pinnate (or plumose) along the inner margin. Proserpinicaris meridionalis and especially P. hispanica show a number of plesiomorphic characters in the genus, including the inner spinules on the male fourth leg coxa, long spinule (or small seta?) on the posterior surface of the fifth leg at the base of the basal seta, long and basally placed tubular pore on the inner margin of the first exopodal segment of the male third leg, and relatively small hyaline process on the male fourth leg basis (at least in comparison with other species). We should mention here that there is a possibility that Martínez Arbizu (1997) overlooked at least one species in the P. hispanica complex, which we induce from his drawings of the female leaf-like caudal rami and male anal somite with ventral spinules in a specimen from Sta. Rouch 1978 no. 8 (see his figs 6B, 7B). Schminke (2010) added further to the problem, by providing a series of drawings of the typical Parastenocaridinae and Fontinalicaridinae, without any reference to their specific identity, origin of the material, or its deposition. Although, he did not say it specifically, reading through his paper one may be led to think that his Downloaded by [University of Tasmania] at 00:38 20 March 2013 fig. 2D is of P. fontinalis, although it has a large hyaline process on the anterior surface of the male fourth leg basis, i.e. looks very much like that of P. hispanica. This could be quite accidental, but we should mention here that in the original description of P. fontinalis by Schnitter and Chappuis (1915) , all subsequent redescriptions (Noodt 1952; Kiefer 1959; Kulhavý 1961; Songeur 1961; Dussart 1966) , and even in the description of a separate subspecies (Kiefer 1960c ) the male fourth leg basis is completely smooth. Although it is beyond the scope of this paper to formally redefine the genus Fontinalicaris Jakobi, 1972, we can suggest that at least the following six taxa form a morphologically compact and probably monophyletic group with F. fontinalis (Schnitter and Chappuis, 1915) , its type species: F. bohemica (Šterba, 1968) comb. nov . from the Czech Republic (Šterba 1968) ; F. chappuisi (Serban, 1960) comb. nov. from Romania (Serban 1960) ; F. fontinalis borea (Kiefer, 1960) from Germany (Kiefer 1960c) ; F. kabyloides (Enckell, 1965 ) comb. nov. from Spain (Enckell 1965 ; F. ruffoi (Chappuis, 1954 ) comb. nov. from Italy (Chappuis 1954 and F. torokae (Ponyi, 1957) from Hungary (Ponyi 1957) . Fontinalicaris bohemica was synonymized with F. fontinalis by Martínez Arbizu (1997) , which we are reluctant to follow in the light of discovering short-range endemism in this group more as a rule than as an exception (this study; Karanovic and Cooper, 2011a, b) . We are in complete agreement with Martínez Arbizu's (1997) view that Parastenocaris phyllophora Noodt, 1954 is not at all closely related to Fontinalicaris fontinalis, although it was included in the genus Fontinalicaris by Jakobi (1972) as its only other member in addition to the type species. Actually, P. phyllophora had already been considered a synonym of P. italica Chappuis, 1935 by Chappuis (1958 and Kiefer (1963 Kiefer ( , 1969 , but the latter was designated by Jakobi (1972) as the type species of another genus, Italicocaris Jakobi, 1972. This is probably one of the best illustrations of the superficial nature of the family revision performed by Jakobi (1972) , and the problems we have to deal with while reinstating and redefining his genera. There is no question that the genera Proserpinicaris and Fontinalicaris are relatively closely related, but so are some other Fontinalicaridinae. For example, the South American genus Brasilibathynellocaris Jakobi, 1972 has the same pattern of urosomal cuticular windows, insertion of the lateral caudal setae, inner coxal spinules on the male fourth leg, fifth legs with minimal sexual dimorphism, and even relatively similar structure of the male third leg, but differs from Proserpinicaris and Fontinalicaris by the transformation of the first exopodal segment on the male fourth leg (see Noodt, 1962) The genus Proserpinicaris, as redefined here, is Palaearctic in distribution, with its centre of diversity in southern Europe. A key to species has not been compiled before, but with the addition of the three new species described in this paper it already numbers 20 congeners. 
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